Introduction
Stem cells are characterized by their ability to proliferate indefinitely and, in adequate conditions, to give rise to specialized cell types. Their isolation can be obtained using different sources, with different advantages and limitations [1] . Embryonic stem cells (ESCs) are pluripotent cells derived from the inner cell mass (ICM) of pre-implantation blastocysts, as previously demonstrated in the mouse [2, 3] and humans [4] . These cells present unlimited self-renewal and are able to differentiate into all cell types of the body [5, 6] . These properties are not shared by adult stem cells isolated from differentiated adult tissues. Adult stem cells, in fact, show a limited capacity for self-renewal ex vivo [7] and are very difficult to expand in vitro. Consequently ESCs are considered to be an unlimited source of transplantation materials for the replacement cell therapy. These characteristics have resulted in efforts aimed at establishing ESCs in species other than the human and the mouse, including rabbit, hamster, cattle, sheep, goat and non-human primates. However, in order to generate ESCs lines, the creation and destruction of an embryo are needed. Moving from animals to man, the embryo's potency to develop into a complete human being, represents a concern and raises serious ethical, religious, legal and political issues. This imposes the necessity to identify alternative sources of pluripotent cells for research and therapeutic purposes [1] . During recent years different methods have been suggested in order to obtain pluripotent cells without the generation and destruction of a viable human embryo. To this purpose, ESCs have been successfully derived, removing a single cell (blastomere) from an eight-cell-stage embryo, using a biopsy procedure routinely utilized in in vitro fertilization clinics, in order to carry out pre-implantation genetic screenings [8, 9] . Similar results were obtained deriving stem cells from growth-arrested embryos. Zhang et al. recently used such 'blocked' embryos (considered non-viable and discarded) to derive human ESCs that met all the criteria for pluripotency and had normal karyotype [10] . Another approach proposes the use of non-embryonic entities obtained through altered nuclear transfer (ANT). This technique is conceptually based on somatic cell nuclear transfer (SCNT), but the somatic cell used is genetically altered before being transferred to an enucleated oocyte, obtaining an abnormal blastocyst, unable to implant into the uterus but capable of generating customized embryonic stem cells [11, 12] . Most recently, studies suggest the possibility to induce the pluripotent status (iPS) in somatic cells by direct reprogramming [13] , using retroviruses or lentiviruses that "force" the expression of factors considered essential for pluripotent status maintenance, such as Oct3/4 [14, 15] , Sox2 [16] and Nanog [17, 18] . Several pioneering studies suggest cellular reprogramming also through fusion of somatic cells with embryonic cell lysates [19] or loading permeabilized cells with lysates of donor cells (somatic or pluripotent) [20] as an alternative to the derivation of ESCs from human embryos, and a solution to both the ethical and legal problems.
The use of artificial parthenogenesis has been recently proposed as a possible alternative source of ESCs. While many features common to ESCs have been identified in these lines, several aspects related to parthenogenetic cell biology still need to be elucidated [21] . In this review we summarize data present in the literature related to parthenogenetic cell line derivation in human species. In an attempt to better clarify some important biological aspects, we discuss characteristics, pluripotency, differentiation plasticity, but also evaluate limits of these cell lines, recently derived in our laboratory [22] .
Parthenogenesis in mammals
Parthenogenesis is a form of asexual reproduction, by which an oocyte can develop without the intervention of the male counterpart. This process may routinely occur naturally in some animal species such as fish, ants, flies, honeybees, amphibians, lizards and snakes. By contrast, in mammals this form of reproduction is not spontaneous, but oocytes can be successfully activated in vitro, using various electric, mechanical or chemical stimulations, which mimic the intracellular calcium wave induced by sperm at fertilization [23] . This phenomenon causes cleavage divisions and embryonic development [1] . However, mammalian parthenotes are unable to develop to term due to genomic imprinting alteration [24] that result in the repression of paternally expressed genes [25] . The consequent developmental abnormalities cause an arrest of parthenote development at different stages after activation -depending on the species [26] -giving embryo-like structure unable to form a new individual. In this scenario, after the successful isolation of embryonic parthenogenetic cell lines in the mouse [27, 28] and non-human primate models [29, 30] , human parthenotes have recently been proposed as an alternative, less controversial source of stem cell lines [1, [31] [32] [33] [34] . Furthermore it must be noted that they may also be used as a new experimental tool for studies on the biological mechanisms involved in human early embryo development and assisted reproduction [21] .
Human parthenogenesis as a source of pluripotent cell lines
In recent years the possibility to obtain ESCs after parthenogenetic activation in humans has been demonstrated [1, [31] [32] [33] [34] , although the success of this approaches has been strongly limited by the restricted accessibility to unfertilized oocytes. We firstly reported the generation of a human parthenogenetic (HP) cell line in 2006 [35] and were then able to characterize these cells for their pluripotency and differentiation plasticity, both in vitro and in vivo [22] . In particular, we were able to show their typical ESC morphology and the main features of bi-parental stem cells, expressing appropriate stem cell markers such as Oct-4, Nanog, Rex-1, Sox-2, alkaline phosphatase, SSEA-4, TRA 1-81, and lack of the human ESC negative markers (e.g. SSEA-1) [36, 37] . Altogether these results indicate a pluripotency signature that does not appear to be influenced by the exclusive presence of the maternal genome. HP cells also possess high levels of telomerase activity, which is turned down when cells are subjected to culture conditions that induce their differentiation, indicating that a physiologically normal control of telomerase activity is present.
In vitro differentiation potential of these cells was assessed throughout their culture in hanging droplets, which induces formation of embryoid bodies (EBs). When EBs were plated and grown as a monolayer, both gene expression and immunocytochemical analysis demonstrated the ability of these cells to differentiate and give rise to components belonging to the three embryonic germ layers (Figure 1) . Interestingly no expression of trophectoderm-related markers was detected, possibly reflecting parthenote inability to generate adequate fetal membrane development and to implant correctly.
A crucial point in ESC studies is, in our opinion, to assess the possibility to drive cell differentiation towards a specific lineage, using controlled culture conditions. Data obtained in our laboratory demonstrate that HP cells were able to differentiate and to form different cell subtypes belonging to the neural lineage [22] . We are able to show that, when exposed to the appropriate in vitro microenvironment, these cells, not only gave rise to early neural population, but also generated more mature cell types expressing nestin, CNPase and MAP2 [22] . Moreover our experiments demonstrated HP in vitro differentiation capability to form mature hemopoietic cell lineages -lymphoid, erythroid and myeloid sub-populations [22] . All these data are in agreement with the observation that murine uniparental ESCs are able to differentiate into neuronal and glial cells as well as to generate adult-transplantable hematopoietic stem cells that can re-populate the hematopoietic system of adult transplant recipients [38] . Moreover these findings indicate that uni-parental cells may be differentiated and may represent a powerful tool in order to study the mechanisms controlling the human lineage determination in vitro.
Parthenogenetic pluripotent cell and mitotic spindle alteration
It has been demonstrated that centrioles degenerate and are lost during mammalian oogenesis. These organelles are present in oogonia and growing oocytes until pachytene stage, while they disappear in the mature oocytes, where they persist as a peri-centriolar disaggregated material [39] . They are then replaced at fertilization, when the sperm contributes the centriole that joins and re-organize the peri-centriolar material present in the oocyte to re-form a fully functional centrosome [40, 41] .This event causes an aberrant progression of cell cycle and spindle formation in the newly synthesized embryonic centrosome in the absence of the sperm centriol [42] . With the notable exception of mice [43] , the lack of centrioles on parthenogenetic development have been described in rhesus monkeys [44] , rabbits [45] , cows [46] , sea urchins [47] , Xenopus [48] , and several other species [49] . In these species oocytes are unable to form astral microtubules and a correctly oriented spindle ( Figure 2 ). These observations are in agreement with our findings in HP cells that lack correct control of the spindle formation process. These cells displayed multiple centrioles as well as an altered expression level of mitotic check point related-molecules, suggesting that the ability to rearrange functional centrosomes is altered in these cells. In particular HP cells showed a higher level of Mad-1 and the related molecules MAX and SIN3, when compared with bi-parental cells. These molecules represent a central component of the spindle assembly checkpoint and recruitment of kinetochores [50] [51] [52] , suggesting the possibility of severe disturbances in the control of spindle formation and mitosis in these cells. Furthermore HP cells showed very low transcription for TTK and CENP-E, which are involved in correct chromosome aggregation and alignment as well as segregation, during mitosis. Altogether these observations support the hypothesis that the altered levels of such molecules in HP cells cause anomalies in their control of proliferation and differentiation.
Parthenogenetic pluripotent cell and karyotype alteration
Abnormalities in spindle rearrangement is usually linked to a high percentage of cells showing mal-segregated chromosomes. Previous studies demonstrated the presence of multiple chromosome malsegregations in human oocytes after parthenogenetic activation, either spontaneous or induced by puromycin [53] . A high incidence of polyploid and mixoploid blastomers has also been reported in parthenotes derived from bovine and porcine, suggesting the absence of a paternally supplied centrosome as a possible cause [54, 55] . Consistent with this, chromosome instability was observed in HP cell lines. However, these abnormalities do not seem to affect the overall proliferation rate and in vitro differentiation plasticity of these cells that, when cultured in vitro, are able to respond to specific media, routinely used for bi-paretntal ESCs differentiation, and to give rise to populations representative of the three germ layers in controlled manner. Furthermore it is interesting to note that the use of an alternative protocol of activation has been shown to better ensure chromosome stability. In this line, Fulka et al. recently reported the derivation of karyotypically normal cell lines from mouse MI maturing oocytes exposed to Butyrolactone I, which converts meiotic metaphase I chromosomes into chromosomes with mitotic-like morphology [56] . The data available from the literature as well as that described in this review indicate that cell lines isolated from parthenotes display interesting, even though contradictory aspects. Despite the exhibition of abnormal centrioles and chromosome mal-segregations, these cells are indeed able to proliferate and maintain their pluripotent status and respond in a controlled manner to specific stimuli, generating a vast array of differentiated cell populations. We think they may represent a precious model where the pathways controlling self-renewal and differentiation plasticity deeply interrelate with cell instability and abnormality. 
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